Bicycle helmet use is recognized as an effective way to prevent head injuries in cyclists. A number of countries have introduced legislation to make helmets mandatory, but many object to this type of measure for fear that it could discourage people, particularly teenagers, from cycling. In 2011, the City of Sherbrooke adopted a bylaw requiring minors to wear a bicycle helmet. The objective of this study was to assess the impact of this bylaw on cycling and bicycle helmet use.
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Tweet this article Highlights • A municipal bylaw requiring cyclists under the age of 18 years to wear a bicycle helmet has not been associated with a decrease in cycling among youth aged 12 to 17 years. • These results are not necessarily generalizable to a province or country because it is not certain that the promotional activities that accompanied the bylaw can be carried out with the same intensity in those regions as at the municipal level.
Labrador and British Columbia) or for minors only (Ontario, Manitoba and Alberta). 9 In Quebec, the use of bicycle helmets is voluntary, except in the City of Sherbrooke, where a municipal bylaw has required cyclists under the age of 18 to wear helmets since March 2011. Three parliamentary committees in Quebec had heated debates on whether bicycle helmets should be mandatory throughout Quebec (in 1996, 2000 and 2010) but this measure was rejected each time. The main argument used by opponents was that this measure could have an overall negative health impact, by reducing cycling rates. 10, 11 Around 10 studies have been carried out in Australia, [11] [12] [13] [14] New Zealand, 15 the United States 16 and Canada 9, [17] [18] [19] to assess the impact of mandatory bicycle helmet measures on cycling rates. The results observed in the majority of these studies show that this type of measure is associated with
Introduction
Cycling is encouraged for its health benefits. 1 However, cycling is also associated with a risk of serious injury, in particular to the head. [2] [3] [4] Bicycle helmets are known to be effective in preventing head injuries, especially among young people, both in the event of a fall and in the event of a collision with a motor vehicle. [5] [6] [7] In Quebec, in 2014, just 34.5% of cyclists over the age of 12 reported having always worn a bicycle helmet in the previous 12 months. 8 reduced cycling rates, particularly among youth. [11] [12] [13] [14] 16 However, most of these studies have significant methodological limitations (e.g. lack of a control group; a single measure before or after the law; or failure to control the effect of confounding variables, such as weather or changes in cycling infrastructure), which make it more difficult to interpret the observed results. Although it is not certain that legislation requiring cyclists to wear helmets would reduce cycling rates, this risk remains a public health concern, particularly for youth. In addition, a lack of helmet use is worrisome, considering that helmets can prevent between 50% and 69% of head injuries among cyclists. 6 The objective of this study was to assess how a City of Sherbrooke bylaw legislating mandatory helmet use for cyclists under the age of 18 has affected cycling rates and bicycle helmet use. This article is based on the results of a Master of Public Health degree thesis on this topic. 20
Methods
Intervention description
The City of Sherbrooke, with a population of around 140 000, 21 adopted a bylaw requiring cyclists under the age of 18 to wear a bicycle helmet. This bylaw has been in effect since March 1, 2011. Violations come with a $30 fine, but a non-punitive approach has been the preferred choice. Instead of issuing the fine, patrol officers inform cyclists who are not wearing a helmet that it is important to wear a helmet. Officers may even provide a helmet to cyclists who do not have one.
Other types of activities were carried out in the community, particularly in schools, businesses and the health sector, before and after this bylaw came into force, to promote cycling and helmet use among youth (e.g. helmet donations, low-cost bicycles, expansion of cycling network, media campaign).
Study specifications and parameters
This study compared the evolution of cycling and helmet use (after the implementation of the bylaw vs. before) among young people subject to this bylaw, compared to a control group of young people who were not subject to this bylaw.
Data source
Data on cycling and helmet use are from the Canadian Community Health Survey (CCHS), a cross-sectional survey administered by Statistics Canada and conducted on an ongoing basis. Data for this survey are collected using surveys administered in person or by telephone to a representative sample of the Canadian population aged 12 years and over. This sample varies from one cycle to the next. 22 The use of random sample selection and survey weights allows the sample results to be inferred from regional populations. The data on cycling come from four survey cycles: two cycles before (2007-08 and 2009-10) and two cycles after (2011-12 and 2013-14) the adoption of the bylaws. For helmet use, only one survey cycle was used before (2009-10) and one after (2013-14) the adoption of these bylaws, since the data were not available prior to 2009-10 and were collected only every other cycle.
Exposed group
The exposed group consisted of the 248 youth aged 12 to 17 years who participated in one of the four CCHS cycles conducted in the Sherbrooke Census Metropolitan Area (CMA). The age limit of 12 years was determined based on the minimum age of the CCHS participants, and the age limit of 17 years was determined based on the maximum age of the persons covered by the bylaw. The Sherbrooke CMA encompasses a number of census subdivisions, and 77% of youth aged 12 to 17 residing in the CMA live in the City of Sherbrooke.
Unexposed group
The unexposed group consisted of the 767 youth aged 12 to 17 years who participated in one of the four CCHS cycles conducted in the Gatineau (n = 335), Trois-Rivières (n = 192) and Saguenay (n = 240) CMAs between 2009 and 2014. These three CMAs were selected because of their similarities to the Sherbrooke CMA in terms of the main factors influencing cycling, namely, the size of the population, 23 the topography of the land, 24 the climate and the size of the cycling network. 25
Cycling
Cycling rates were measured using CCHS data on recreational and utility cycling. In this survey, recreational cycling was measured by the question, "In the past three months…have you done any of the following activities [including cycling]?" Utility cycling was measured by the question, "In the past three months…[did you bicycle] to and from work or school?" Anyone who answered yes to at least one of these two questions was considered to be a cyclist, and anyone who answered no to these questions was considered a noncyclist. We chose to use a dichotomous variable to maintain statistical power and to reduce the risk of recall bias, which is more likely with a frequency variable.
Helmet use
Helmet use was measured based on data collected from CCHS participants who reported riding a recreational or utility bicycle at least once in the previous three months. In this survey, helmet use was measured by the question, "When riding a bicycle, how often do you wear a helmet?" Respondents who reported wearing a helmet most of the time or always were considered helmet users, and those who reported wearing a helmet rarely or never were considered non-users.
Adjustment variables
The following variables were considered as adjustment variables in the statistical models: age, gender, season, level of material deprivation (proportion of people with less than high school graduation, employment/population ratio and average personal income) and level of social deprivation (proportion of people who are separated, divorced or widowed; proportion of people living alone; and proportion of single-parent families). 26 The "season" variable was created to ensure that the regions were balanced with respect to the seasons. The season was determined based on the month of the study, considering the fact that the respondent was providing answers corresponding to the three months prior to the study. Respondents who answered the survey from August to October were assigned the summer variable, fall was assigned to November to January, winter was assigned to February to April and spring was assigned to May to July.
Statistical analyses
The 1015 participants in the study were divided based on the survey cycles conducted before and after the bylaw came into force and compared for each of the adjustment variables using a Chi-square test at a 5% significance level. Analyses were then conducted to calculate the prevalence of cycling and helmet use in the Sherbrooke CMA and the control CMAs, before and after the adoption of the bylaw, with 95% confidence intervals (CI). The prevalence of cycling was calculated by adjusting for the season. Logistic regression analyses were conducted to compare the evolution of cycling and helmet use before and after the adoption of the regulation in the Sherbrooke CMA and the control CMAs by transforming the results obtained into an odds ratio (OR). The impact of the bylaw on cycling and helmet use in the Sherbrooke CMA was measured by adding to the regression model a term of interaction between the Time variable (before vs. after the bylaw) and the CMA variable (Sherbrooke CMA vs. control CMAs). The presence of interaction signifies that the change observed before versus after the implementation of the bylaw differs in the two groups of CMAs, which shows the impact of the bylaw. The regression analyses were all done by controlling for the effect of potentially confounding variables present in the databases. Table 1 shows the OR calculation of the dependent variable before and after the adoption of the bylaw in the Sherbrooke CMA and in the other CMAs, the gap observed between these two periods in the Sherbrooke CMA and the other CMAs ("difference"), and the gap observed between these two groups ("difference in the difference"). The OR is calculated by taking the exponential of β calculated by the regression model (e.g. e β1 = OR of the dependent variable in the Sherbrooke CMA before the adoption of the bylaw). The reference group corresponds to the other CMAs before the bylaw, which is why the OR equals 1 (e 0 = 1) for this group in the regression model. The other ORs refer to this value. The value of an OR may be equal to 1 (probability unchanged), less than 1 (decreased probability) or greater than 1 (increased probability). We calculated a 95% CI for the ORs and set the statistical significance threshold at .05 (p-value of β coefficients). The OR is therefore statistically significant when the CI does not include the value 1 for a significance threshold at .05.
In addition, in order to ensure that the results of the analyses are representative of the population of each CMA and not of the sample used in this study, a weighting factor adapted to the scale of the CMAs was included in the statistical analyses. 22 Lastly, in accordance with Statistics Canada recommendations, 22 bootstrapping was used to estimate the variance of the model parameters. The statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and SPSS 22.0 (IBM, Chicago, IL, USA).
Results
The results presented in Table 2 show that the sample is equally distributed before and after the coming into force of the bylaw for gender, season, material deprivation and social deprivation. However, the sample distribution differs for the CMAs, likely due to the decrease in the number of participants in the Trois-Rivières CMA after the coming into force of the regulation compared to before. A difference was observed for the age distribution of the sample, but this result is not statistically significant.
Cycling
Before the bylaw came into force, the prevalence of cycling among youth aged 12 to 17 years was 49.9% (95% CI: 40.7-59.1) in the Sherbrooke CMA and 59.1% (95% CI: 53.9-64.3) in the control CMAs (Table 3 ). After the adoption of the bylaw, the prevalence of cycling increased to 53.8% in the Sherbrooke CMA, but this increase was not statistically significant 
Helmet use
Before the bylaw came into force, the prevalence of bicycle helmet use among youth aged 12 to 17 years was 43.5% (95% CI: 24.6-64.0) in the Sherbrooke CMA and 41.5 % (95% CI: 32.8-50.2) in the control CMAs (Table 3 ). After the bylaw came into force, helmet use increased to 60.6% in the Sherbrooke CMA, but the impact measured by the OR was not statistically significant (OR: 2.61; 95% CI: 0.75-9.04). In the control CMAs, helmet use remained stable at 41.9% (OR: 0.97; 95% CI: 0.52-1.80). Analysis of the interaction results suggests an increase in helmet use in the Sherbrooke CMA compared to the control CMAs after the adoption of the bylaw versus before (OR interaction: 2.70; 95% CI: 0.67-10.83). The CI is high because of a lack of statistical power.
Discussion
Cycling
Cycling among youth aged 12 to 17 years remained stable in the Sherbrooke CMA in the period before and after the coming into force of the City of Sherbrooke bylaw, while cycling decreased in the control CMAs. This decrease is consistent with the results observed in Quebec as a whole as well as in the Estrie region, which includes the Sherbrooke CMA, for both youth aged 12 to 17 and adults aged 18 to 24. 20 As a result of this different evolution, cycling rates among youth aged 12 to 17 were higher in the Sherbrooke CMA than in the control CMAs after the coming into force of the bylaw compared to before.
This different evolution could be the result of two factors likely to have had a positive This value corresponds to the difference in the measurement of the dependent variable (cycling or helmet use) after compared to before the coming into force of the bylaw. These ORs are adjusted for potentially confounding variables: age, sex, season and level of material and social deprivation. c The interaction term (CMA*Time) is the net impact of bylaw. The latter corresponds to the difference in the difference in the measurement of the dependent variable (cycling or helmet use) after the bylaw came into force compared to before, in the Sherbrooke CMA versus the other CMAs.
aged 12 to 17 years in the Sherbrooke CMA after the bylaw came into effect, while it remained stable in the control CMAs. Although helmet use increased from 43.5% to 60.6% among young cyclists aged 12 to 17 in Sherbrooke after the bylaw came into effect, this increase is not significant, likely as a result of the small sample sizes available for the two cycles of the CCHS in question (50 and 39 respondents, respectively). The sample was small because just one measure was available both before and after the coming into force of the bylaw, and also because this measure applied only to those who reported having cycled in the previous three months. In our study, an OR of 2.6 can be detected with a statistical power of just 30%. For an OR of 2.6 to have been detected with a statistical power of 80%, the regression model would have to have been adjusted based on a sample of at least 280 respondents in total over the two cycles (before and after), which was not possible. That said, assuming that this increase in helmet use was real, this type of before-and-after change would be of clinical importance, given that helmet use is an effective way to prevent head injuries. [5] [6] [7] Furthermore, the measurement of bicycle helmet use may be overestimated in the Sherbrooke CMA, as it is possible that young Sherbrooke residents were more reluctant to report not always wearing a bike helmet, knowing that the use of this equipment was then mandatory in their municipality. However, the fact that the CCHS ensures the anonymity of respondents likely reduced the extent of this bias. Finally, we cannot exclude the possibility that helmet use increased independently of the regulations, as a result of the numerous promotional activities that were carried out.
The results of this study are consistent with those observed in the study by Cyr and Ouedrago, 28 which showed a significant increase in bike helmet use among young Sherbrooke residents after the bylaw came into force. According to this observational study, the extensive bicyclesafety awareness campaign (including the coming into force of the bylaw) helped increase helmet use. The results of this study showed that helmet use increased from 38% in 2006 to 92.9% in 2011 in cyclists aged 10 to 15, and from 12% to 57% for cyclists aged 16 to 18. A number of studies observed an increase in helmet use after it was made mandatory. [29] [30] [31] [32] [33] [34] [35] However, some authors attribute the proportional increase in helmet use to the decrease in the number of cyclists who do not use helmets (which leads to an artificial increase of the proportion of helmet users) instead of an increase in the number of helmet users (which involves a real increase in the proportion of helmet use). 36, 37 In this study, the increase in the use of bicycle helmets cannot be attributed to a decrease in the number of cyclists not wearing a helmet, since cycling remained stable after the bylaw came into force in the Sherbrooke CMA.
Strengths and limitations
This study has several methodological characteristics that ensure the internal validity of the observed results: a beforeand-after research design with an exposed group and a control group; the availability of two measures of cycling before and after the coming into force of the bylaw; documentation on the type of activities carried out to implement the bylaw; knowledge of the type of activities carried out in Sherbrooke and the three control CMAs to promote cycling and helmet use during this period; and knowledge of weather data in the regions concerned.
However, the research design of this study has some limitations. Our study does not make it possible to separate the specific impact that the bylaw had on cycling and helmet use from the impact of the awareness campaigns. To do so, it would have been necessary to have a control group from a region that had the same awareness campaigns as in Sherbrooke, which did not exist in Quebec. Also, in order to obtain sufficient statistical power, all youth in the Sherbrooke CMA were included in the exposed group, even though the bylaw applied only to the territory of the City of Sherbrooke. We obtained high ORs, but these figures remained insignificant. A larger sample size would have allowed us to verify the trends observed, especially for bicycle helmet use. Furthermore, we did not use the more sensitive variable of cycling frequency, but by using a dichotomous variable we observed an increase in cycling rates in the Sherbrooke CMA compared to the control CMAs (Table 3 ; interaction OR: 2.32; 95% CI: 1.01-5.35). Lastly, the results of this study are valid in an area in which a non-punitive approach was taken to enforce the bylaw.
Conclusion
The results of this study suggest that a municipal bylaw legislating mandatory influence on cycling in Sherbrooke. Information from key informants showed that, on the one hand, there was more, and more varied, promotion of cycling and helmet use before and after the adoption of the bylaw in the Sherbrooke CMA than in the control CMAs. On the other hand, the non-punitive approach used by City of Sherbrooke police officers to enforce the bylaw (e.g. giving a bicycle helmet to cyclists who did not have one instead of issuing a fine) had a positive impact.
Analysis of the weather data shows that, during the period studied, the number of days with low temperatures (below 15°C) or high temperatures (above 28°C) and the number of days of rain (1 mm or more) were comparable in the three control CMAs and in the Sherbrooke CMA. 27 The results of studies conducted in Australia, [11] [12] [13] [14] New Zealand 15 and the United States 16 show that cycling rates decreased after bicycle helmets were made mandatory, in particular among young people. However, the results of the studies conducted in Australia and New Zealand should be interpreted with caution, given the presence of significant methodological limitations (lack of a control group; a single measure before or after the law; or failure to control the effect of confounding variables, such as weather or changes in cycling infrastructure). On the other hand, the results of the study conducted in the United States are of concern since it was much more methodologically rigorous than those conducted in Australia and New Zealand. The results observed in the three studies conducted in Canada are contradictory. The Karkaneh study 17, 18 observed a reduction in cycling rates among youth in Alberta after the law, while those conducted by Macpherson et al. 19 in Ontario and by Dennis et al. 9 in Alberta and Prince Edward Island show no change in cycling. All of these studies were conducted at the territorial level of country or province, which may have masked the smaller-scale changes, for example, at the regional level. Moreover, none of the studies allow the results observed to be interpreted in the context of the implementation and enforcement of the law, due to the lack of information on the nature and type of activities carried out to strengthen bylaw enforcement or to promote cycling and helmet use.
Helmet use
The results of our study suggest that bicycle helmet use increased among youth helmet use for cyclists under the age of 18 can be implemented without being associated with a decrease in cycling rates among youth aged 12 to 17, if the bylaw is implemented in a non-punitive manner and if cycling and helmet use are promoted. However, the study specifications and parameters do not exclude the possibility that such a bylaw could have reduced the impact of cycling promotional activities. Furthermore, these results cannot necessarily be applied at a provincial or national level because there is no guarantee that the awareness campaigns for the bylaw can be carried out to the same degree as at the municipal level.
